Abstract
3

Highlights:
1 -Contribution of spatial frequency information to direct gaze processing was tested 2 -Two early face-sensitive ERP components, N170 and N240, were identified 3 -N170 reflected high spatial frequency processing of face vs non-face information 4 -N170 enhancement to direct gaze motion is independent of spatial frequency content 5 -N240 reflects low spatial frequency information for direct gaze processing Rapid and accurate perception of eye-gaze direction is an essential social function 2 which permits the understanding of another's allocation of attention. Direct eye-gaze, in 3 particular, signals when the attention of another is directed towards oneself and is therefore 4 crucial for human social interaction throughout development to adulthood (Kleinke, 1986 ). In 
14
The importance of different spatial frequency bands for the fast processing of direct 15 gaze remains, however, poorly understood. It has been proposed that coarser information, 16 meaning low spatial frequencies (LSF), are important for fast object processing by activating 17 faster magnocellular pathways reliant on this type of visual information (Bar, 2003 (Bar, , 2004 ).
18
Early processing and detection of direct gaze in particular, has been suggested to rely on LSF Thus, the present study aims to analyse the contribution of LSF and HSF for direct 13 gaze processing in an adapted version of a task that has previously shown to lead to enhanced 14 processing of direct gaze, both at neural and behavioural levels (Conty, N'Diaye, Tijus, & 1999). Thus, to try to avoid a direct impact of task, the present study only asked participants 10 to detect a rarely occurring target to keep participants attentive.
11
Original images of faces with direct and averted gaze were filtered to create stimuli 12 presenting high, low and broad (unfiltered) spatial frequencies. Furthermore, matched 13 conditions were created with pictures of buildings, which allowed for the dissociation 14 between general motion processing and eye gaze processing. As a secondary question, the 15 current study also allowed us to analyse separately the impact of HSF and LSF information 16 on the ERP components associated with facial motion compared to non-facial motion, and 17 those associated with different direction of gaze shift. Pittsburgh, PA, USA). Trials began with a fixation cross presented for 500 ms at the 7 horizontal midline and at the height equivalent to the eye region of the face stimuli. Illusion low. An equal number of building and face trials were shown counterbalanced between 16 direct/centred and averted/deviated conditions. To maintain attention participants were 17 instructed to press a key upon the appearance of a red square superimposed on the stimuli.
18
This occurred in 11.1% of the trials, which were excluded from further analysis. Note that red 19 squares were not filtered, and thus were always presented in broad spatial frequency. 
ERP recording and Data analyses 21
Electroencephalographic (EEG) activity was continuously recorded from 60 Ag/AgCl 22 electrodes placed according to the international 10/10 system on a fitted cap (EASYCAP,
23
Herrsching-Breitbrunn, Germany). Two EOG electrodes were placed on the outer canthi of 24 the eyes to detect horizontal eye movements and a third was placed underneath one eye to 1 detect vertical eye movements and blinks. Data was online referenced to the mastoids and 2 acquired at a sampling rate of 1000 Hz. Electrode impedance was kept below 10 kΩ. Data participants due to lack of blinks, 1 component removed in 9 participants, and 2 10 components removed in 1 participant to completely remove blinks. An average of 18.6% 11 trials were rejected per participant. Epochs were baseline corrected using the 100 ms prior to 12 the onset of the second face/building.
13
Two early negative peaks were identified in occipital-temporal areas bilaterally.
14 Channels in occipital-temporal areas were chosen where these peaks were maximal in Due to the type of paradigm, in which epochs are centred around the second image 1 onset, the P100 component was very diminished. Nonetheless, an early time window from 90 2 to 125 ms was also considered to analyse possible early effects of gaze direction in the P100 3 component. This analysis was performed in the previously mentioned occipital-temporal 4 electrodes (TP7/8, P7/8, PO7/8).
5
Mean amplitudes for all time windows were calculated per participant, from the 6 pooled data of the selected channels in each hemisphere ( Figure 4 for the ERP waveforms).
7
Statistical analysis of the mean amplitudes was carried out using a four-way repeated Effect sizes for dependent t-tests were calculated using the formula proposed in Eq(3) of 
Behavioural results
18
Accuracy on the detection task was at ceiling level (M=94±3%), with no effect of when considering the bifid nature of the GFP wave presently found. 
N170 component 11
Overall, larger amplitudes were observed in the N170 component for HSF and BSF
12
than LSF stimuli, possibly related with the importance of HSF for face specific processing.
13
This is consistent with studies reporting larger N170 amplitudes for stimuli containing only 
Gaze effects in N170 and N240
9
A larger N170 negativity for faces with direct gaze than faces with averted gaze Nonetheless, the present data does not provide support for the hypothesis that direct 14 Nonetheless, the current results showed that the selective gaze effect on the LSF 
Conclusion
22
The present study suggests that processing of direct gaze occurs in two stages with the 14 Newborns' face recognition is based on spatial frequencies below 0.5 cycles per degree. The two grey time windows correspond to N170 and N240. 
